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Mechanical and electrical response of silicon rubber intelligent composite materials

reinforced by dual carbon structure
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(1. Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology, Kunming 650500, China;
2. Yunnan Key Laboratory of Disaster Reduction in Civil Engineering, Kunming 650500, China)

Abstract: Stretchable strain sensors have broad application prospects in the field of vibration reduction and isola-
tion, however, developing low-cost and high stability stretchable strain sensors remains a huge challenge. This
article used the open melt method to prepare multi-walled carbon nanotubes (MWCNT)-conductive carbon black
(CB)/methyl vinyl silicone rubber (VMQ) conductive nanocomposites. The effects of the synergistic effect between
MWCNT and CB on the dispersion, conductivity, mechanical properties and resistance-strain response of the com-
posites were investigated.The results show that the mechanical properties of the composite material are improved
after adding CB, with a lower percolation threshold (1.24wt%), and excellent resistance strain response stability is
demonstrated during 5 000 cycles of loading-unloading. In addition, compared to MWCNT/VMQ and CB/VMQ
composites, the MWCNT-CB/VMQ composite did not exhibit shoulder peak phenomenon in the resistance-strain
response performance, and explained the mechanism of shoulder peak phenomenon. Through SEM, it is found that
the uniform distribution and synergistic effect of MWCNT and CB in the composite material are important reasons
for the low threshold and stable resistance-strain response performance. The mechanism of resistance-strain re-

sponse was explained through the tunnel effect theory model. This composite material has great potential for strain
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monitoring of seismic isolation structures.

Keywords: multi-walled carbon nanotubes; carbon black; silicone rubber; resistance-strain response; struc-

tural health monitoring; smart sensing composite
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MWCNT—Multi-walled carbon nanotubes; CB—Carbon black; VMQ—Methyl vinyl silicone rubber; HPMS—Hydroxyl silicone oil;
DBPMH—2, 5-dimethyl-2, 5-bis(tert-butyl peroxy)hexane; LMBG—Two-stage vulcanization
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Fig.1 (a)Preparation process of conductive silicone rubber composite; (b) Photos of composite material under original,

stretching, bending and torsion; (c) Test diagram
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Fig.2 (a) Stress-strain curves of multi-walled carbon nanotubes (MWCNT)-conductive carbon black (CB)/methyl vinyl silicone rubber (VMQ)
composites with different MWCNT contents; ((b)-(d)) Tensile strength, elongation at break, and Young's modulus of MWCNT,,,s,-CB/VMQ .
MWCNT/VMQ and CB/VMQ composites; (€) Cycle stress-strain curves of three composites under 200% strain
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Fig. 3 (a) Volume conductivity o of three composites; (b) Fitting curves of seepage threshold of three composites; (c) Resistance-strain response curves

and GF values of the three composites at 150% strain; (d) Comparison of the maximum GF at maximum strain of MWCNT,,,,-CB/VMQ composites

with other previously reported strain sensors
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for different conductive filler contents

Filler content m & ns

MWCNT 4 2.55 3.92 -1.81
MWCNT,,-CB 14.56 6.55 -3.62
CBgyyio 7.08 4.96 -3.48

Notes: m—Aconstant related to the fractal structure of the
network; ¢.—Constant which can be interpreted as the yield
strain; n,—Scaling exponent.
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